The use of salivary diagnostics is increasing because of its noninvasiveness, ease of sampling, and the relatively low risk of contracting infectious organisms. Saliva has been used as a biological fluid to identify and validate RNA targets in head and neck cancer patients. The goal of this study was to develop a robust, easy, and cost-effective method for isolating high yields of total RNA from saliva for downstream expression studies.
Human saliva has been used as an auxiliary biological fluid for disease diagnosis (1) (2) (3) , because the biomolecular composition of saliva changes in a disease state. Total RNA extracted from saliva is useful in determining gene expression profiles in cancer, as well as in genetic studies (4, 5 ) . Salivary RNA is prone to degradation by RNases and other nucleases present in saliva, and therefore care should be taken to alleviate or minimize sample degradation before downstream transcriptomic analysis. Although the number of methods for isolating RNA from saliva has markedly increased over the years, most of the protocols remain relatively costly, owing to the predominant use of commercial kits (6 ) and, more importantly, the relatively low RNA yields. Furthermore, a large body of literature on transcriptomic studies of saliva has considered only the cell-free salivary supernatant as a biological source for isolating RNA, as opposed to the salivary cellular pellet (7) (8) (9) (10) . New high-throughput RNA-isolation methods have emerged, but these methods were developed to isolate RNA from the cell-free salivary supernatant; they also require relatively large volumes of saliva. Therefore, there is a need for a high-throughput and cost-effective method for isolating high yields of RNA (from both the cell-free salivary supernatant and the cell pellet) from small saliva volumes for identifying genes that orchestrate tumor initiation and progression. For example, epithelial cells lining the oral cavity of patients with oral squamous cell cancer undergo malignant cellular transformations within the oral cavity that are reflected at the gene level. Interrogating gene expression in only the cell-free salivary supernatant might miss these molecular events. The goals of our study were 3-fold: first, to develop an in-house high-RNA yield method that uses the QIAzol lysis reagent (Qiagen) to isolate RNA from both the cellular pellet and the cell-free salivary supernatant; second, to compare results obtained with the QIAzol lysis reagent method (hereafter referred to as the QIAzol method) with results obtained with a commercial kit (NucleoSpin RNA II kit (Macherey-Nagel); and third, to validate the QIAzol method in saliva samples collected within a clinical setting (i.e., in a cohort of cancer patents for whom saliva production and secretion are significantly reduced owing to chemotherapy and/or radiation treatments).
The study was approved by the University of Queensland Medical Ethical Institutional Board and the Princess Alexandra Hospital, Metro South Health Service District Human Ethics Committee. All participants gave informed consent before sample collection. Whole-mouth saliva was collected from healthy, resting control individuals (n ϭ 9) and patients (n ϭ 8), as previously described (11) (12) (13) (14) . Saliva was collected in DNase-and RNase-free Falcon tubes (50 mL), frozen immediately on dry ice, and stored at Ϫ80°C until further analysis.
For the QIAzol method, saliva samples were centrifuged at 11 000g for 20 min at 4°C to separate super-natant from the cellular fraction. RNA was extracted from both the cell pellet and the cell-free supernatant (200 L) by adding 800 L QIAzol. The samples were briefly vortex-mixed and incubated for 5 min at room temperature. Then, 200 L chloroform was added to each 2-mL Eppendorf tube, and the tube was vortexmixed vigorously and incubated a second time for 5 min at room temperature. The samples were then centrifuged at 10 000g for 10 min at 4°C. The upper aqueous layer (800 L) was transferred to a new Eppendorf microcentrifuge tube, 200 L chloroform was added to the Eppendorf tube, and the tube was vortex-mixed. The samples were then centrifuged at 10 000g at 4°C. The upper aqueous layer (800 L) was transferred to a new Eppendorf microcentrifuge tube, an equal volume of isopropyl alcohol was added, and the samples were incubated on ice for 10 min. The samples were then centrifuged at 10 000g for 20 min, and the supernatant was removed and discarded. The pellet was washed with 1 mL 70% molecular-grade ethanol and centrifuged at 10 000g for 5 min at 4°C. The pellet was air dried, resuspended in 20 L RNase-free water, and stored at Ϫ80°C. RNA aliquots were treated with RNase-Free DNase (Qiagen) in accordance with the manufacturer's protocol.
We compared our in-house QIAzol method to a commercial kit (NucleoSpin RNA II) performed according to the manufacturer's protocol. The quality and quantity of the isolated RNA were measured with a NanoDrop ND-1000 spectrophotometer (Thermo Scientific). The RNA isolated with the QIAzol method was tested for RNA integrity with a 2100 Bioanalyzer (Agilent Technologies) and the Agilent RNA 6000 Nano Kit. The RNA isolated with the NucleoSpin RNA II kit was analyzed with the Agilent Bioanalyzer because of the low yields obtained with this method.
Reverse transcription of the isolated RNA was performed with the iScript cDNA Synthesis Kit (Bio-Rad Laboratories) according to the manufacturer's instructions. The quality and quantity of the isolated RNA was confirmed with 2 housekeeping genes, ACTB 3 (actin, beta) and HTN3 (histatin 3). Primers were designed with PRIMER3 software (http://www.genome.wi.mit. edu). Primer sequences were as follows: HTN3, 5Ј-AATCACGGGGCATGATTATGGAGGTT-3Ј and 5Ј-CTTCAAAAAGCAGTGGTAGTGTGATGC-3Ј; ACTB, 5Ј-CACCATTGGCAATGAGCGGTTC-3Ј and 5Ј-AGGTCTTTGCGGATGTCCACGT-3Ј. cDNA (20 ng) was used as a template for all PCR amplifications. The real-time PCR was performed with a Bio-Rad thermocycler. Reactions were performed in triplicate. The PCR protocol was 95°C for 30 s (initial denaturation) and 40 cycles of 95°C for 2 s and 60°C for 20 s. FaDu and Cal 27 head and neck cancer cell lines were used as positive controls for gene expression analysis. These cell lines were kindly provided by Dr. Glen Boyle from the Queensland Institute for Medical Research, Australia.
The uniqueness of the QIAzol method developed in-house is the ability to extract high yields of total RNA (0.89 -7.1 g, absorbance ratio at 260/280 nm between 1.6 and 1.9) from 200 L saliva (from both the cell-free supernatant and the cell pellet) after DNase treatment. The method is cost-effective and robust, and it requires no pretreatment, such as the addition of RNase inhibitors to saliva samples. In addition, we were able to isolate RNA from archived, untreated saliva samples.
To our knowledge, this study is the first time that high yields of high-quality RNA have been isolated from both the cell-free salivary supernatant and the cellular pellet. The pellets analyzed with the QIAzol method produced relatively consistent expression profiles for the target genes, compared with the salivary supernatant ( Table 1 ). The commercial kit produced RNA yields 10-fold lower than obtained with the QIAzol method. To address whether the QIAzol method selectively affects transcripts with different abundances, we also evaluated gene expression with the ACTB gene, which is commonly monitored as a housekeeping gene (Table 1) . The peak at 25 nucleotides (nt) 4 in Fig. 1 represents an internal standard. RNA isolated from cell-free salivary supernatant with the QIAzol method yielded 5S RNA (200 nt) (Fig. 1) . As expected, the FaDu and Cal 27 cell lines showed 28S and 18S bands, but salivary supernatants did not show bands of 28S (approximately 7000 nt) and 18S (approximately 4000 nt) bands. Also as expected, HTN3 (saliva-specific gene) expression was absent in the cancer cell lines. The ribosomal 18S and 28S RNAs are a part of an algorithm for calculating RNA integrity number (RIN) values, which can be used as a measure of RNA quality (RIN ϭ 1, totally degraded; RIN ϭ 10, intact). RNA isolated with the QIAzol method had RIN values of 2, consistent with previous findings (9 ) .
The melting curves of the 2 housekeeping genes ACTB and HTN3 showed a single peak with similar melting temperatures (85°C), indicating no DNA contamination and no primer-dimer artifacts. In addition, our results with the QIAzol method demonstrated that saliva does not need to be collected under RNase- free conditions and does not require the addition of an extra RNA stabilizer. In summary, we have developed a robust, efficient, and cost-effective method for isolating high yields of RNA from saliva. We successfully isolated high yields of RNA from the cellular pellet, showing that it is possible to interrogate not only the salivary cell-free RNA but also RNA from the cellular pellet. The high-yield and good-quality RNA provided by our in-house-developed QIAzol method is useful for downstream expression analysis studies. Top, virtual gel derived from Agilent Bioanalyzer 2100. Total RNA was isolated from cell-free salivary supernatant with the QIAzol method (n ϭ 3). Bottom, electropherograms showing the size distribution in nucleotides (nt) and fluorescence intensity (FU) of total RNA isolated from individual samples. The peak at 25 nt is an internal standard.
